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History of Xilinx TID testing of
Virtex commercial offerings

*  Virtex
— 220 nm CMOS technology with 6 metal layers

— Method 1019.5 specification achieved 100
krads(Si) at space dose rates

*  Virtex|l Commercial TID Trends
— 150 nm CMOS technology with 7 metal layers
— Method 1019.5 specification achieved 200 350 .
krads(Si) at full 1019 dose rate 2 300 ¥
«  Virtex ll-Pro S 250 T
— 130 nm CMOS technology with 8 metal layers 320 LN o Series ]
— Method 1019.5 specification demonstrated 250 3 133 | L
krads(Si) at full 1019 dose rate = 50 *
« Virtex 4 = o ‘ ‘ ‘ ‘
— 90 nm CMOS technology with 10 metal layers 0 50 100 150 200 250
— Method 1019.5 specification demonstrated 300 Process Technology nm
krads(Si) at full 1019 dose rate
* Virtex5

— 65 nm CMOS technology with 11 metal layers
— Initial tests ongoing

— Transistor level data suggests value north of 500
krads(Si) may be achievable at full 1019 dose rate
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Technologies Evaluated

Virtex 4 (90 nm CMOS) 1%t generation triple-oxide
— Lightly doped P-silicon 3.0um epitaxial substrate
— Heavily doped P-silicon “handle” wafer
— Shallow Trench Isolation

— Three discreet transistor structures
* (Gate oxide targets of 22.5A, 29.5A and 62.0A

— 10 layers of metallization
* 10 Copper plus one Aluminum pad metallization

— Full dual damascene copper process (no via plugs)
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90 nm Tvpical Cross Section




Technologies Evaluated

Virtex 5 (65 nm CMOS) 2" generation triple-oxide

— Lightly doped P-silicon 2.0um epitaxial substrate
— Heavily doped P-silicon “handle” wafer
— Shallow Trench Isolation

— Three discreet transistor structures
* (ate oxide targets of 14.8A, 23.5A and 63.0A

— 11 layers of metallization
* 11 Copper plus one Aluminum pad metallization

— Full dual damascene copper process (no via plugs)
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65 nm Typical Cross Section
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Co060 Testing of 90 and 65* nm
transistor structures at GSFC

* Selected test transistors from the SIRF 90nm and 65 nm test chips were irradiated at
various dose rates at the GSFC Co-60 facility

* Transistor samples of both technologies were irradiated with “on bias” and “off bias” to
TID levels well in excess of 1800 krads(Si)

* TID results on the 90 nm structures were reported in the NASA Test Results Publication
dated 12 October 2006 (copies are available)

» TID results on the 65 nm structures were reported in the NASA Test Results Publication
dated 25 January 2008 (copies are available)

» Test results for both technologies were fully compatible with the SIRF TID program goals
(as noted in the abstracts below, taken from the NASA reports)

* NASA assessment of the 90 nm technology was “the basic conclusion of this testing is
that the radiation tolerance of these transistor technologies is sufficient to withstand
Mrad(Si) doses with only minor IV characteristic changes”.

* NASA assessment of the 65 nm technology was that “the test data can best be
summarized by stating that the SIRF 65 nm transistors can withstand total doses well in
excess of 1 Mrad(Si)”
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NASA Co-60 Test Fixtures

Test PCB and 90 nm test device Bias board with 2 mounted 65 nm test
with a taped lid (to protect the boards containing packaged chips
bond wires. used for Co-60 gamma ray irradiations
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Biases used for 65 nm parts

Tranmistor Type: Measurement Vi Sweep: Vi Values:
NMOS thin Ly vs. Vi 03t +10V +0.05, +1.0V
NMOS oud Lvs Vg, 04t0+13V H0.05, +1.5 WV
NMOS thick Ly vs. Vi D5to+235WV +H0.05, +2.5V

PMOS thm Ly vs. Vi 1.0t +H03 WV -0.05,-10V
PMIOS nud Livs Vi -15t0+04 W 005, 15V
PMOS thick [vs. Vg, 25t0+035V 005,25V

MNMOS thin =10V
NMOS5 mud s
HMOS thuck 25V
PMOS thin -1.0W
PMOS5 nud -1.5W
PMO5 thack 25V

Bias conditions for sub-threshold measurements

Bias during irradiation
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Transistor Type: Blezsurerment Wy Sweep: Vo Walues:
WNMOS thin Lyve. Wy Dto+l0W =04, 0.6, +08WV
WMOS nmd Live. Vi Do+l 5V 06 +09 +12V
MMOS thick Lyvs Vi Dto+2 5 W <10 +1.5 +20W
PRIOS tlun Iyve Wy Ot -10V 04 06 08V
PIIOS mud Live. Vi Ota-15V 06, -08 -12W
FRIOS thick Lyve. Vi Oto-23W -10,-13 -20W

Bias conditions for forward char measurements
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TID response of 65 nm N-transistors

SIRF 63nm (DUTA1, Biased): Thin M1, |d vs Vgs @ Vds = + 50 mV
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SIRF 63nm (DUT1, Biased): Mid N1, Id vs Vgs @@ Vds =+ 50 mV
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TID response of 65 nm P-transistors

SIRF 63nm (DUT1, Biased): Thin P1, Id vs Vgs @ Vds = - 30 mV

Thin oxide transistor
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5|RF 63nm (DUTA. Biased]: Mid P1, Id vs Vgs @ Vds = - 30 mV
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TID response of I/O transistors

5IRF 65nm (DUTA. Biased): Thick N1, Id vs Vgs @ Vds =+ 50 mV
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SIRF 83nm (DUT 1, Biased): Thick P1, Id vs Vgs @@ Vds = - 30 mV
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Parametric results for all

transistors biased “on”

Transistor Inf ’ Threshold Voltage Max Transconductance || Subthreshold Swing
ran=1sior innsrmation l:"a'l:l|1E-| I:Dhl'ﬂ‘E-'ll 'II'H"." |.{|-E'l:-3dE:I
i i . at at at at at at

Oide | Transistor Wil Okrad | 179Mrad || Okrad | 179Mrad || omrsd | 172 Mrad
Thin | RWOGT 300007 0420 0428 T60E-0% | 280E04 B B3]
Thin | WMO52 | 10w 020007 T 0.350 I00E-0¢ | 205604 T8 TE L
Thin | WWOG3 TO2D 0408 0. 40F 180E-05 | 1B1E0R FAe A7
Thin | PMGST 2 0007 0 43F ] T07E-02 | 104504 AR TG
Thin | PMOS2 | 0w 0.000.07 0401 0400 1.08E-0¢ | 1.00E-04 B3] T,
Thin | PMOS3 AL ] ML 5 18E-08 | E.12E-06 726 722
TEE BETE 20017 i 0447 TOAE-2 | ooRE4 Ta3 il
Wid | RMO52 | 10005017 0387 0371 T4IE-2 | 221502 TLF TTE
Wid | RWo5e 020 TENE 0312 180E-05 | 1.BGE05 1.3 700
Wid | PMOG] 20015 || 0412 SIS L B5E-05 | 4 B0E-0R TH.1 707
Mid | PMOS2 | o bagin ] k]| 5 17E-05 | 4 B8E-05 7R3 K
Mid | PMOS3 W20 0,307 1313 A04E-09 | EOCEIE 78 704
Thick | RMOGT 36004 TLh0E 0510 TEIE-2 | 1RIEDE T8 A2 [
Thick | RW0OG2 | 10x 0,250 24 0404 0,382 TEBE-02 | 1 FOE04 TG AOE
Thick | RMOG3 TEL: EE 0578 044E-08 | 0.O0E-06 1.1 707
Thick | PMDG] JE024 0 44E 0268 TO7E-05 | 2 E0ER £ 3 G
Thick | PMOS2 | Tixasiad || -9.440 L] TEOE-D5 | 1Z4ER B2 8 i
Thick | PMOS3 THIE 0480 0487 T6IE-08 | 2 FOE-06 il TE.0
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Parametric results for all
transistors biased “off”

Transistor Infermafion Threah-:l:-ld Violtage M ax Trzln*s-r:-:-nf:lu-:mm-:eL Eul:-thlr-_e-r_:h-:-I-d Swing
(Volts) {Ohms") ImV | decade)
e : - at at at at at at
Cxide | Transistor Wil Okrad | 1.79 Mrad Okrad | 1.79Mrad || 0krad | 179 Mrad
Thin | RMOST 2 007 (ks 0.427 35008 | 2 04E-04 E5 0 847
Thin | NMOS2 10 0.240.07 0363 0,355 LATE-E | 222E-04 775 TELE
Thin | NMOS3 e 11l Sk 0.40E 162E-05 | 1.80E-05 £33 Af L
Thin | PMOS1 2. L0007 AN L] T0E-0& | EA5E-05 3.7 o4 4
Thin | PMOS2 10k 0.2/0.07 0400 0417 1.04E-08 | C.8BED5 B2 B3]
Thin | PMOS3 20 10,347 0343 E1RE-DB | E.12E-06 .7 T1E
Mid | NMCS 20012 0408 0.432 J24E-D4 | 2 73E4 75 £ 72 4
Mid | WMCS2 | 10x 025012 0360 0.370 J42E-08 | Z35E-04 75.6 742
Mid | RMCS3 2020 0201 0,306 1.03E-05 | 1.88E-05 1A A0 E
Mid | PMOS1 2.1 418 LN 4 GRE-05 | 4 7RE-D5 791 THLE
Mid | PMOS2 10k 0200 15 10,380 0366 FABE-05 | 4.BOE-05 7.0 776
Wid | PMCE] T 2.0 0,708 0,207 EGAE-06 | £ ACE-0G 76.6 77 .
Thick | NMCST 3.600.24 0430 0.470 143E-08 | 147E-04 ) By .2
Thice | NMOS2 | T D.oalog KL e 1.53E-0¢ | 1.4G8E-04 1.7 B1.4
Thick | RMLS3 RN 0448 0.502 Q47E-06 | 025E-06 ElA TEE
Thick | PMOST 3604 0 42F 0253 203E-05 | 287ED5 ] BT 6
Thick | PMOS2 | 10x 0200024 0420 0243 3.50E-05 | 247E-05 B4 234
Thick | PMOS3 TR E GEEL D477 7 64E-D8 | 2 B1E-DG B2 5 B3]
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TID test results summary

* Both the 90 nm test transistors and the 65 nm test transistors
appear capable of operating through TID stress well in excess of 1
Mrad(Si) with proper design margins

* Key point to remember is that of all the presented transistor
radiation TID data was taken on conventional transistor layouts,
not on circular devices and not on dog-bone devices

* Xilinx typically simulates the operation of logic devices out to the
full corner lot values of +/- 2.5 sigma

* Forthe 65 nm test transistors, all transistors for all bias states fell
post radiation within the corner lot values of +/- 1.0 sigma used for
circuit simulation

* In other words, parametric shifts out beyond 1.0 Mrad(Si) are well
within normally expected process spreads with proper design
margins
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